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INTRODUCTION. 

The  American  Nozzle  Piezometer,  which  is  the  piezometer 
used  in  these  tests,  was  designed  by  F.  B.  Sanborn  M.  Am.  Soc.  C.E., 
and  is  an  instrument  whose  purpose  is  to  indicate  the  hydraulic 
pressure  and  the  corresponding  amount  of  flow  at  the  mouth  of  a 
nozzle.  At  present  it  is  on  the  market  in  two  common  sizes,  one 
graduated  for  l/2-  and  1 inch  nozzles  , and  the  other  for  2-  and  4 
inch  nozzles,  but  these  two  will  also  fit  on  any  intermediate  sizes. 
The  instrument  consists  of  a cut-water  through  which  pressure  is 
transmitted  to  a gauge  which  indicates  directly  both  the  pressure, 
and  the  quantity  of  water  that  is  flowing.  In  practice  it  is  useful 
for  water  departments,  insurance  inspectors,  and  fir9  departments. 

The  photographs  and  cuts  on  pages  2 and  3 show  the  piezo- 
meter and  its  operation. 

OBJECT. 

The  objects  of  these  tests  was  to  determine  the  accuracy  of 
the  piezometer  as  it  would  commonly  be  used,  and  to  ascertain  the 
limitations  of  its  field  of  accuracy. 

DESCRIPTION  AND  GENERAL  ARRANGEMENT  OF  APPARATUS. 

Owing  to  the  fact  that  these  tests  were  of  a nature  not  be- 
fore attempted  in  the  University  laboratory  very  little  of  the  re- 
quired apparatus  was  at  hand  and  it  was  necessary  to  spend  consider- 
able time  in  the  design  and  arrangement  of  new  apparatus.  The  genera] 
arrangement  of  discharge  pipe  and  nozzles  was  planned  by  us  and  put 
in  place  as  shown  in  Plate  I. 

The  set  of  nozzl©3  used,  with  their  attached  piezometer 
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ring,  were  meter  testing  nozzles  of  l/2-,l-,2-,  and  4-inch  sizes, 
made  by  the  Hersey  Manufacturing  Company,  of  South  Boston,  Mass.  For 
dimensions  and  details  see  Plate  II.  The  position  of  the  nozzles  and 
actual  use  is  also  shown  by  the  photographs  on  page 3 5,  6,  and  7. 

Much  trouble  was  at  first  encountered  in  providing  a means 

for  the  removal  of  the  water  discharged  from  the  nozzle,  because  of 

the  great  volume  and  dynamic  pressure.  The  receiving  elbow  shown  in 

accorapaning  photographs, was  the  final  solution  of  this  difficulty. 

The  elbow  was  imbedded  in  concrete  and  was  fastened  to  the  discharge 

pipe  by  two  tie -rods  which  were  provided  with  turn -buckles . During 

the  early  tests  back  flow  in  the  elbow  was  troublesome,  especially 

when  using  the  2-  and  4-inch  nozzles,  and  it  became  necessary  to 

plan  some  way  to  obviate  this  trouble.  For  this  purpose  an  adjust- 
shield 

ableAwas  made.  For  description  and  detail  of  this  tube  see  thesis  of 
Messrs.  Hiveley  and  Baldwin. 

The  water  pressure  available  at  nozzles  was  measured  at 
piezometer  ring  which  is  shown  in  Plate  II  as  a part  of  the  meter 
testing  nozzles.  The  pressure  was  transmitted  to  the  mercury  and 
water  columns  by  an  overhead  piping  system  made  up  of  quarter  inch 
pipe.  As  there  was  in  the  laboratory  equipment  no  mercury  and  water 
columns  suitable  for  recording  high  heads  it  was  necessary  to  design 
an  outfit  for  this  purpose.  It  was  decided  to  make  this  piece  of 
apparatus  not  only  serviceable  for  our  immediate  tests  but  suitable 
for  a part  of  the  regular  laboratory  equipment.  Therefore  consider- 
able care  and  time  was  given  both  to  the  planning  the  design  and  in 
attending  to  the  constimction.  Complete  description  is  given  below 
so  it  may  serve  for  duplicating  the  apparatus  in  case  it  is  desired. 

This  scale  was  made  of  well  seasoned  white  pine  carefully 
selected,  as  it  was  important  that  the  scale  should  not  warp  or  crack 
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The  wood  was  free  from  knots  and  in  total  length  of  20  feet  one 
joint  was  allowed.  On  the  back  wa3  a two  and  a half  inch  strip  which 
served  as  a stiffener.  Dimensions  and  details  are  given  by  Plate  III 
After  joining  it  was  planed  to  a very  smooth  surface  and  then  five 
coats  of  white  paint  and  two  coats  of  enamel  were  put  on*  The  grad- 
uations were  first  painted  on  by  an  ordinary  painter  and  although 

he  ^Jdb5> 

urged  to  take  great  pains,  the  graduations  when  finished  looked  rag- 

* 

gad  and  irregular.  This  fact  is  mentioned  to  show  that  it  is  diffi- 
cult to  get  good  graduations  by  ordinary  painting.  The  second  time 
we  put  on  graduations  ourselves  with  India  ink  and  a right  line  pen. 
Then  paper  figures  were  used  to  mark  the  feet  and  tenths  divisions 
and  the  face  of  the  board  was  varnished  over  to  make  ink  and  paper 
waterproof.  For  detail  of  face  see  page  9.  The  glass  tubing  used  was 
of  l/4  inch  diameter  and  tested  to  stand  a pressure  of  165  pounds.  A 
hand  hydraulic  pump  was  used  for  this  testing.  As  it  was  difficult 
to  obtain  any  glass  tubing  in  20  foot  lengths  it  wa3  necessary  to 
use  three  lengths  of  6 1/2  feet  each.  Th9  next  problem  was, suitable 
connections  for  the  tubing"  pieces  of  heavy  canvas  lined  rubber  tub- 
ing was  used  and  shellaced  to  the  glass  and  then  fastened  with  wire, 
these  joints  would  easily  stand  as  high  a pressure  as  the  glass. 
Shellac  was  also  used  in  fastening  the  glass  tubing  in  the  mercury 
pot.  At  the  top, the  scale  was  fastened  to  the  roof  truss  and  at  the 
bottom  the  mercury  pot,  as  shown  in  the  photograph  on  page  10.  The 
mercury  pot  rested  on  a shelf  which  was  fastened  to  one  of  the  base- 
ment posts. 
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The  theory  of  the  nozzle  piezometer  is  that  the  head  at 
the  mouth  of  the  nozzle  is  equal  to  the  head  at  the  piezometer  plus 
the  head  due  to  the  velocity  of  the  water  through  the  piezometer 
ring  and  the  nozzle. 

There  are  two  ways  of  testing  the  nozzle  piezometer,  one, 
by  comparison  of  the  pressure  indicated  by  the  nozzle  piezometer 
held  at  the  mouth  of  the  nozzle  with  that  at  the  piezometer  ring  as 
shown  on  the  mercury  column,  and  the  other  by  comparison  of  the 
pressure  transmitted  to  the  mercury  column  through  the  cut-water  of 
the  nozzle  piezometer  and  that  at  the  piezometer  ring. 

OPERATION  AND  DISCUSSION  OF  TESTS. 

First  the  nozzles  were  calibrated  by  means  of  plugs  and  mi- 
crometers. The  results  are  shown  below. 
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inal  3izes  were  used  in  all  computations. 

At  the  start  of  these  tests  it  was  thought  that  water  flow- 
ing over  a weir  could  be  measured  accurately  enough  but  the  results 
obtained  this  way  were  of  no  value.  Even  the  results  obtained  from 
the  pit  measurements  were  not  as  good  as  -^ould  be  expected.  The 
work  was  gone  over  several  times  and  checked  but  the  results  still 
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remained  the  same.  The  error  was  probably  in  the  calibration-  of  the 

ca  1 i brnT&d 

measuring  pit  which  was  -done-  by  Messrs.  Jones  and  Koramo  who  had  a 


thesis  in  which  the  measuring  pit  was  also  used.  If  more  time  could 
have  been  spent  on  this  part  of  th9  work  we  have  no  doubt  that  the 
error  could  be  located  and  corrected. 

To  prove  that  pressures  at  the  piezometer  ring  correspond 
to  the  theoretical  discharge  given  by  the  formula. 


the  nozzles  were  discharged  into  the  measuring  pit. 

In  order  to  get  accurate  results  in  flow  in  the  pit  must 
get  total  flow  during  given  time,  and  also  accurate  method  of  mea- 
suring time  of  flow.  In  order  to  get  total  flow  in  the  pit  the  cal- 
ibration as  already  referred  to  was  taken,  and  a curve  was  drawn  to 
show  thi3  calibration  graphically.  With  hook  gage  readings  taken  at 
time  of  starting  and  time  of  stopping  the  flow,  the  quantity  dis- 
charged could  b©  figured  directly.  This  was  compared  to  quantity  ob- 
tained by  using  pressure  shown  on  mercury  or  water  columns.  With 
these  two  values  could  get  percentage  of  regisration  of  scale  or 
gauge.  The  time  was  accurately  obtained  by  use  of  stop  watch.  As  soori 
as  the  valve  was  opened,  which  only  took  a fraction  of  a second, the 
watch  was  snapped  and  left  running  until  the  pit  was  nearly  full, 
when  the  valve  was  closed  and  watch  snapped  again,  then  read  the 
elapsed  time. 


In  the  above  formula, 

q = discharge  in  gallons  per  minute 
D = diameter  of  nozzle  in  inches. 

P(  = pressure  at  piezometer  ring  in 

pounds  per  square  inch. 
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coefficient  of  discharge, 
diameter  of  entrance  pipe  in  inches 
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d = 


In  this  experiment  d = 6 and  let  c = .98 
Then  for  l/2  inch  nozzle  q = 

1 " " q = 

2 " rt  q = 

4 " " q = 


7.32  f 


Pi 


29.30  P, 
117.00 


fp. 


474.00 
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The  calibration  of  measuring  pit  is  shovm  on  page  14. 

The  table  on  page  15  shows  observations  and  computations  for 
tests  51-60  and  69-82  inclusive,  which  were  tests  in  which  the  mea- 
suring pit  was  used.  On  page  16  is  a graph  for  each  nozzle,  showing 
relation  of  theoretical  to  actual  discharge  under  known  pressures  at 
piezometer  ring. 

It  might  be  mentioned  here  that  due  either,  to  the  whirling 

or 

of  the  water  in  the  8-inch  ell  of  the  approach  pipeA  to  slight  imper- 
fections in  the  reaming  out  the  nozzles,  there  was  a marked  twisting 
motion  of  th9  stream  as  it  was  discharged  fro-  the  nozzle,  but  this 
we  do  not  think  effected  our  results  at  all. 

Although  those  experiments  are  not  consistent  and  regular, 
yet  the  average  of  100  percent  justifies  us  in  believing  in  the  cor- 
rectness of  the  formula  for  discharge  as  given  on  cage  12. 

The  calibrations  of  the  gages  usedjon  nozzle  piezometer, 
with  date  of  each  calibration  are  shown  on  cages  17  and  18. 

The  first  real  tests  of  the  nozzle  piezometer  were  those 
which  compared  its  readings  at  the  mouth  of  the  nozzle  to  those  of 
the  mercury  column  connected  to  the  piezometer  ring.  The  comparison 
was  of  the  quantities  of  discharge  given  by  the  formulas  for  the 
piezometer  and  the  piezometer  ring. 
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For  the  piezometer, 

Q = A x 37.2248  i P 

where  Q = quantity  in  gallons  per  minute. 

A = area  of  nozzle  in  square  inches. 

P = pressure  at  mouth  of  nozzle 

in  pounds  per  sq.  in. 
and  c = .98  = coefficient  of  discharge, 
which  formula  takes  the  form 


for  1/2 

inch 

nozzle. 

Q = 

7 . 309 

P 

1 

n 

t» 

Q = 

29.236  f 

P 

2 

« 

w 

Q = 

116.945  / 

P 

4 

t? 

ft 

Q = 

467.730  f 

P 

For  the  piezometer  ring  , 

q = 29.83  D»\_  __  F'  _ 

|(l/of  - (D/d r 


which  formula  takes  the  form 

for  l/2  inch  nozzle,  q 

1 ” n q 

2 " " q 

4 " " q 


7.32  f P( 
29.30  / P, 

117.00  /”~p7 

474.00 


The  comparison  then  is  of  the  quantities  Q of  gage  and  q of 
the  piezometer  ring,  and  the  percentage  of  regisration  is  the  ratio 
of  Q to  q expressed  in  per  cent. 

Table  IV  on  page  20  gives  all  data  for  tests  when  piezometer 
gage  and  mercury  column  were  used. 
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21. 

The  other  part  of  the  test  on  the  nozzle  piezometer  conaiat- 
of  a comparison  of  the  pressures  at  the  piezometer  ring  as  shown  on 
mercury  column  with  those  transmitted  through  the  cut- water  of  the 
nozzle  piezometer.  The  comparisons  made  were  the  same  as  those  when 
the  gage  was  attached.  Table  V gives  all  data  for  this  latter  test. 

Graphs  on  pages  23,  24,  25  and  26  show  relation  between  dis- 
charges calculated  from  piezometer  pressures  and  piezometer  ring 
pressures  for  1/2-,  1- , 2-  and  4-inch  nozzles  respectively . 

CONCLUSION. 

The  irregularity  of  the  points  on  the  graphs  for  pressures 

under  10  pounds  show  that  the  instrument  13  not  accurate  below  this 

point.  The  upper  limit  of  accuracy  was  not  found  but  the  instrument 

pressures 

is  as  accurate  for  highAas  the  readings  can  be  taken.  In  all  of  thes 
experiments  the  distance  of  the  cut-water  from  th9  end  of  the  nozzle 
was  3/4  of  an  inch  which  distance  gives  good  results.  It  is  not  well 
to  put  the  cut-water  closer  to  the  nozzle  as  i t interferes  with  the 
flow.  Tilting  of  the  shield  vertically  in  the  vertical  plane  of  the 
axis  of  the  nozzle,  up  to  an  angle  of  about  15  degrees  with  the  hor- 
izontal, does  not  effect  the  reading  of  the  pressure. 

Set  3 

Both  dienes-  of  the  tests  show  the  American  Nozzle  Piezometer 
to  be  accurate  to  within  1 percent. 
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